To determine the incidence of pancreatitis and pancreatic cancer in the SAVOR-TIMI 53 trial.
Several clinical features associated with type 2 diabetes and obesity are recognized risk factors for acute pancreatitis (1) . Recently, concerns have been raised regarding long-term consequences of incretin therapy in type 2 diabetic patients. These concerns include possible triggers for acute pancreatitis and initiation or acceleration of histological changes, suggesting silent or clinical chronic pancreatitis with preneoplastic lesions and potentially pancreatic cancer (2, 3) . Although some reports have supported the linkage of type 2 diabetes treatment with dipeptidyl peptidase 4 (DPP-4) inhibitors or GLP-1 receptor agonists and increased risk of pancreatitis (4, 5) , others have not support this association (6) (7) (8) (9) .
The U.S. Food and Drug Administration requires the investigation of cardiovascular (CV) safety of new drugs for diabetes (10, 11) . Therefore, several randomized controlled CV safety studies with incretin-based therapies are ongoing or have recently been completed (12) (13) (14) (15) . These studies provide an opportunity to further evaluate additional safety events of interest, including effects on the pancreas.
RESEARCH DESIGN AND METHODS
The Saxagliptin Assessment of Vascular Outcomes Recorded in Patients with Diabetes Mellitus (SAVOR-TIMI 53) trial evaluated the long-term CV safety and efficacy of saxagliptin in patients with type 2 diabetes at high risk for CV events (16) . The TIMI Study Group and Hadassah Medical Organization designed the trial in collaboration with the sponsors. SAVOR-TIMI 53 was a randomized, double-blind, placebo-controlled, multicenter international intervention trial conducted between May 2010 and June 2013 in 788 medical centers in 26 countries. Patients with type 2 diabetes .40 years of age with established CV disease or $55 (men) and $60 (women) years of age with one or more CV risk factors were randomized 1:1 to receive 5 mg/day saxagliptin or placebo. In patients with moderate or severe renal failure, the saxagliptin dose was decreased to 2.5 mg/day. The protocol was approved by the ethics committees of all participating centers, and all patients gave written informed consent before enrollment. The full eligibility criteria have been previously published (16) . In short, eligible patients had a documented history of type 2 diabetes, had an HbA 1c between 6.5% and 12.0% (48-108 mmol/mol) during the 6 months before enrollment in the study, and were taking any antidiabetic drug except incretin-based therapy. To qualify for the established CV disease criteria, study subjects had to be at least 40 years old and have a history of a clinical event secondary to atherosclerosis involving the coronary, cerebrovascular, or peripheral vascular system. To qualify based on multiple risk factor criteria, study subjects had to be at least 55 (men) or 60 (women) years old and have at least one of the following additional risk factors: dyslipidemia, hypertension, or active smoking. Patients were ineligible if they were currently or previously (within 6 months) treated with an incretin-based therapy or had end-stage renal disease (long-term dialysis, renal transplant, or serum creatinine level .6.0 mg/dL). The baseline characteristic of the SAVOR-TIMI 53 participants were previously reported (17) .
Patients were followed at the study sites by a minimum of one office visit every 6 months with either an additional phone call or office visit every 3 months. The patients also continued their usual medical care with their respective treating physicians, and the sites were instructed to maintain contact with these physicians.
Pancreatitis events were reported by the investigator as an adverse event (AE), a serious AE, and an event of special interest (EOSI). We systematically collected all events, investigators received specific training, and specific prospective electronic case report forms were used for event collection.
Pancreatitis events were blindly adjudicated by an external expert committee, which included two pancreatic disease experts (N.G. and M.M.L.). The classification of the pancreatitis events was decided on by an external expert committee and was in accordance with internationally accepted guidelines (18) (19) (20) . Reported cases were classified into four categories: definite acute pancreatitis, possible acute pancreatitis, chronic pancreatitis, or unlikely to be pancreatitis. The predefined end point was the total number of adjudicated cases of pancreatitis. The diagnosis of acute pancreatitis was regarded as definite when at least two of the following three criteria from internationally accepted guidelines (18) were met: 1) acute onset of persistent, severe, epigastric pain often radiating to the back; 2) elevation in serum lipase or amylase to three times or more the upper limit of normal at the respective institution; and 3) characteristic findings of acute pancreatitis on diagnostic imaging (transabdominal ultrasound, contrast-enhanced computed tomography, or magnetic resonance imaging). To allow for greater sensitivity for a potential association with pancreatic disorders, we used a second category of possible acute pancreatitis (18) , which included patients in whom reported atypical abdominal symptoms were not characteristic of pancreatitis (but were without an alternative explanatory diagnosis) plus at least one of the following: 1) elevated serum lipase or amylase levels to three times or more the upper limit of normal, 2) characteristic findings of acute pancreatitis on diagnostic imaging, or 3) a history of previous pancreatitis. Patients were classified as having chronic pancreatitis when either medical records documented or cross-sectional imaging confirmed the diagnosis. Symptoms were regarded as unlikely to be pancreatitis when none of the these definitions applied. Patients with definite or possible pancreatitis were assessed as having severe disease when single or multiple organ failure persisted for .48 h (19, 20) . Known risk factors for pancreatitis, including alcohol use, gallstone disease (including prior cholecystectomy), hypertriglyceridemia, hypercalcemia, recent endoscopic retrograde cholangiopancreatography, trauma, and concomitant drugs known to be associated with pancreatitis, were also evaluated. In addition, investigators were instructed to treat pancreatitis according to local guidelines and to continue or discontinue the study drug according to their clinical judgment. Of note, history of pancreatitis was not a contraindication for participation in the trial.
Pancreatic cancer cases were collected as AE and serious AE and like all cancer cases, as EOSI. We collected as much information as possible on each case, including medical records and pathology and imaging results. Each report was reviewed for accuracy and completeness by blinded study physicians by both the TIMI Study Group and by the sponsor.
Statistical Analysis
All analyses were performed with an intention to treat all patients who underwent randomization. Continuous variables are expressed as mean 6 SD, median and interquartile range, or minimum and maximum values; categorical variables are expressed as frequencies and percentages. x 2 or Fisher exact tests for categorical variables and Wilcoxon rank sum tests for continuous variables are reported. Incidence of pancreatitis was calculated as the number of patients with pancreatitis divided by the total population at risk in the beginning of the study. In addition, the cumulative incidence of pancreatitis at the end of study was reported by Kaplan-Meier plots ( Supplementary Fig. 1A-D) . To determine the relative risk of pancreatitis and pancreatic cancer between the saxagliptin and placebo arms, Cox proportional hazard modeling using profile likelihood estimations with stratification by study design variables, baseline renal impairment, and baseline CV risk group were performed. SAS version 8.2 and above (SAS Institute Inc., Cary, NC) was used for all analyses. P , 0.05 was considered statistically significant. 1C ). Repeated cases of pancreatitis were reported in two patients in the saxagliptin arm and three patients in the placebo arm. Of these five patients, one in the saxagliptin arm was permanently discontinued from the study drug after the first event, yet he had another occurrence of pancreatitis, and the second patient was continued on the study drug. In the placebo arm, two patients were permanently discontinued from the study drug after the first event, yet one had two recurrent events, and one was continued on the study drug. Preexisting risk factors for pancreatitis were identified in 18 (81.8%) patients with acute pancreatitis (definite and possible) receiving saxagliptin and in 15 patients (93.8%) with acute pancreatitis receiving placebo ( Fig. 1 and Supplementary Table 2 ). Risk factors in general and the number of risk factors per patient were distributed similarly between the two treatment arms (Supplementary Table 2 and Fig. 1 ). The blinded pancreatitis adjudication committee considered 19 cases as unlikely to be pancreatitis (9 in the saxagliptin arm and 10 in the placebo arm). All these cases did not have typical abdominal pain, increased pacreatic enzymes (more than three times the upper limit of normal) or imaging consistent with pancreatitis. The event was recovered in 16 (7 in the saxagliptin arm and 9 in the placebo arm) and not recovered in 2 in the saxagliptin arm (1 had hepatic cellular carcinoma) and 1 in the placebo arm (who had metastatic pancreatic cancer). After inclusion in the study, the time to onset of symptoms of all adjudicated definite or possible acute pancreatitis, definite acute pancreatitis, or chronic pancreatitis did not differ between treatment arms. Events occurred at various time points during the treatment period, with no cluster of events in either treatment arm (Fig. 2) . Investigators' assessments of study medication causality in all pancreatitis cases in the saxagliptin and placebo arms were similar (nine vs. nine, respectively), as was the frequency at which the study medication was discontinued due to pancreatitis (six vs. seven, respectively). Adjudicated reports of severe pancreatitis and deaths were similar between the saxagliptin and placebo arms (one case of severe pancreatitis in each arm, and no vs. one death in the saxagliptin vs. placebo arms, respectively) ( Table 1 were resolved with sequelae in the saxagliptin vs. placebo arms, respectively). The number of patients who continued on the study medication despite pancreatitis was 16 (61.5%) in the saxagliptin arm compared with 13 (52.0%) in the placebo arm (Table 1). The proportion of patients with more than two on-treatment AEs of pancreatitis was generally similar between the two treatment groups (one [,0.1%] patient in the saxagliptin group and two [,0.1%] in the placebo group).
RESULTS

Between
Chronic pancreatitis was reported by the investigators in five patients receiving saxagliptin and four receiving placebo; adjudication confirmed chronic 
CONCLUSIONS
The frequency of pancreatitis cases previously reported in epidemiological studies of diabetic patients aged .40 years versus the general population were 54.0 vs. 30.1 per 100,000 personyears, respectively (adjusted rate ratio 1.77 [95% CI 1.46-2.15]) (7). These numbers, however, are imprecise because of investigators' reliance on epidemiological data rather than on prospective clinical studies. The SAVOR-TIMI 53 trial is the first prospective study in which pancreatitis was predefined as an EOSI. We systematically collected information regarding all pancreatitis events, using a similar process to that for the CV end points, and used an independent, blinded adjudication committee to ensure the quality of these adjudicated end points. This rigorous process provides important data regarding pancreatitis in type 2 diabetic patients, particularly regarding incretin-based therapy. To increase sensitivity for milder cases of pancreatitis, we used both the definite and the possible definition. However, because amylase and lipase levels were not routinely examined throughout the trial, and clinical visits were performed every 6 months (with a telephone call visit every 3 months in between), subclinical pancreatitis might have been missed. Post hoc analysis of studies that examined the levels of lipase and amylase in overweight/obese patients versus type 2 diabetic patients found a higher incidence of increased enzyme levels and higher variability within the same patient, among type 2 diabetic patients (21) . The use of DPP-4 inhibitors might lead to a further increase and fluctuation in levels of amylase and lipase in asymptomatic patients (22). The clinical impact, however, of a diabetes-related as well as a drug-induced increase in amylase and lipase levels and their relation to subclinical pancreatitis are unclear.
The predefined end point of all cases of pancreatitis was similarly distributed between treatment arms (26 vs. 25 (9) should not be dismissed without further investigation.
A possible slight increase in the risk for pancreatitis should be balanced with the favorable course and outcome of the rare pancreatitis cases. Both study arms had similar clinical outcomes as expressed by the length of hospitalization and similar high rates of recovery regardless of continuation or discontinuation of study drug, and no fatalities occurred in the saxagliptin arm. The investigators' perception of most pancreatitis events as mild might explain the high continuation rate of study drug in both the saxagliptin (61.5%) and the placebo (52%) arms. Finally, the low rate of recurrent events (two in the saxagliptin arm and three in the placebo arm), regardless of continuation or discontinuation of study drug, is also reassuring.
Patients with type 2 diabetes have an increased risk of developing acute pancreatitis, chronic pancreatitis, and pancreatic cancer (1,23) compared with the general population and even more so when known confounders, such as obesity (24) and CV disease (25) (26) . Previously published retrospective studies suggested that the relationship between incretin-based therapy and pancreatitis was nonrandomized and therefore uncontrolled for baseline known and unknown risk factors for pancreatitis. Pancreatitis cases were not blindly adjudicated, which may have led to a bias of overreporting among the incretin-treated patients (4, 5, 27) . The current study is the first in our knowledge to prospectively adjudicate pancreatitis, and therefore, it provides a more precise estimate of the actual rate.
Whereas acute pancreatitis must be regarded as an incident condition that occurred during the treatment period of the study, the same argument does not hold for chronic pancreatitis because of the difficulty in excluding undiagnosed, preexisting chronic pancreatitis; therefore, a possible association with the respective treatment arm is less stringent (28) . Following cases of chronic pancreatitis is important because data suggest that patients with chronic pancreatitis are at increased risk of pancreatic cancer (29-31). In the SAVOR-TIMI 53 trial, eight cases of chronic pancreatitis were confirmed by adjudication (two in the saxagliptin arm and six in the placebo arm), and all but one were reported after .300 days of exposure. Pancreatic cancer was reported in 5 patients in the saxagliptin arm and 12 (including 1 with neuroendocrine tumor) in the placebo arm (Fisher exact test P = 0.09). Although a reduction in pancreatic cancer risk has been suggested for antidiabetic drugs like metformin (32, 33) , such a protective effect is not assumed for saxagliptin. However, concerns about an increased pancreatic cancer or neuroendocrine tumor risk, as proposed by others in patients under relatively short exposure to DPP-4 inhibitors (2), could not be confirmed in the current study. It should be noted that the median followup period in the SAVOR-TIMI 53 trial was 2.1 years. Larger studies with longer follow-up periods are needed to confirm the findings.
The SAVOR-TIMI 53 trial did not completely resolve the issue of whether DPP-4 inhibitors are associated with a slight increase in the risk of pancreatitis (mainly milder cases). The possible risk should be properly judged in the context of the favorable outcome of these cases and the overall proven safety record of this group of drugs. This question will be further determined by the results of other ongoing DPP-4 inhibitors prospective outcome trials (34, 35) .
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